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Abstract
Accumulation of sulfur-containing compounds and their bacterial mediated reductions have led to the emission of
pungent odors from stagnant water bodies. This study is focused on the contribution of inorganic sulfur compounds in
the emission of hydrogen sulfide. The measured dissolved oxygen levels have demonstrated good negative correlations
with the dissolved sulfide levels implying the oxygen deficiency is the key for the reduction of sulfate ion and sulfite ion
to sulfide ion. Particularly, the dissolved molar fractions of sulfide from the total dissolved sulfur compounds (sulfates,
sulfites and sulfides) have a very good correlation with the dissolved oxygen for the stagnant water bodies except the
artificially aerated prawn farms. For the stagnant water bodies with significant correlations, linear regressions are
reported for them to be utilized in estimating one component of the regression from the measurement of the other. The
measured data were further utilized to estimate the levels of hydrogen sulfide gas. The pH of the water bodies has
confined much of the dissolved sulfides in the form of bisulfide ion and they can be easily escaped to the atmosphere
upon acidification due to industrial discharges and/or acidic precipitations. The estimated levels of hydrogen sulfide just
above the water surface were plotted for the most polluted stagnant water body in Sri Lanka for the pH range of 5–10
and temperature range of 25–35 C.
 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Sulfur-containing compounds, especially sulfides
have identified as one of the important substances that
degrades the quality of water. Presence of sulfides in the
water bodies comes partly from the decomposition of
sulfur-containing organic matter and from the bacterial
reduction of sulfates. The most conspicuous sulfur-
containing organic compounds are amino acids cysteine,
cystine and methionine, which bear sulfur groups. Sulfur
in sulfate form also occurs in organic matter such as in
polysaccharide sulfates and aromatic sulfates in which
the sulfate is bound by ester bond and can be released by
hydrolytic reactions carried out by microorganisms
(Rao, 1997). These sulfur-containing organic compounds
are added to the water as human and domestic waste in
addition to the wide spectrum of industrial effluents and
agricultural run off. Precipitation of atmospheric sul-
fates and other sulfur-containing compounds, sea salt
spray and leaching from soil are the prime sources of
inorganic sulfur in the water bodies (Sing and Srivastata,
1995). Unlike bodies/channels of flowing water, stagnant
water bodies accumulate the pollutants. Such accumu-
lation of these sulfur-containing compounds can make a
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significant impact to the water quality and the envi-
ronment.
Both the bacteria and dissolved oxygen are playing
leading roles in determining the fate of sulfur-containing
compounds in aquatic systems (Douglas et al., 1995).
Sulfate reducing bacteria use the sulfate ion as an oxy-
gen source for the assimilation of organic matter in the
same way dissolved oxygen is used by aerobic bacteria.
As sulfate is consumed, the sulfide by-product is released
back into the water where it immediately establishes a
dynamic equilibrium between sulfide and bisulfide an-
ions, dissolved hydrogen sulfide and gaseous hydrogen
sulfide. The pH and the temperature of the medium
mainly govern the speciation of the three dissolved sul-
fide levels in water and the emission of gaseous hydrogen
sulfide to the atmosphere. In addition to these parame-
ters, Henrys Law constant which controls the distribu-
tion of hydrogen sulfide between atmosphere and water
also play a role in the speciation.
The dark colored sediments and strong unpleasant
odors often indicate the sulfide contamination in the
aquatic bodies. Metal sulfides are responsible for the
dark colour sediments in these water bodies while
the odor nuisance is due to escape of volatile sulfur-
containing species including hydrogen sulfides into air.
Although the emission of hydrogen sulfide is a nuisance,
the bacteria mediated biomass degradation is a favor-
able process for the existence of aquatic life. Even
though the health effects and the other environmental
impacts are known, chemical investigations on sulfur-
containing compounds in stagnant water bodies were
limited to prawn farms in Sri Lanka (Corea et al., 1998;
Silva, 1996). Whereas, some of the urban stagnant water
bodies often exhibit the characteristics of pollution due
to sulfides; yet, they have not been investigated for sulfur
pollution.
The primary objective of this study is to investigate
the existence of different sulfur species in selected stag-
nant water bodies in Sri Lanka. Then, these measured
sulfide levels are correlated with dissolved sulfites, sul-
fates and oxygen levels to understand the sulfide for-
mation. Finally, the measured sulfide levels and the pH
of the water body are utilized to calculate the co-exis-
tence of different forms of sulfides and to assess hydro-
gen sulfide release to the atmosphere from the water
bodies.
2. Experimental
All the chemicals used were Analar grade and de-
ionized water was used to prepare the standard solutions
and for the dilutions. All the glassware were thoroughly
washed and dried prior to use. In general, samples were
analyzed on the sampling day, if not, they were analyzed
on the next day after refrigeration (APHA, 1998). Re-
frigerated samples were thawed to room temperature
prior to the analysis. Blank tests were carried out to
determine the contribution from glassware and water
used for dilution.
Chemical investigation of sulfur species and dissolved
oxygen were based on ‘‘Standard methods for the Ex-
amination of Water and Wastewater’’ published by the
American Public Health Association (APHA, 1998).
Only the sulfide determination method was modified as
suggested by Pawlak and Pawlak (1999) to improve the
precision and accuracy of the sulfide determination.
Seven stagnant water bodies were selected for the in-
vestigation (described under Section 3). Sampling was
done at eight locations from each of the water body
covering the peripheral. For Bolgoda Lake, the sam-
pling sites were selected within a 100 m stretch of the
northern periphery of the lake which represents a region
with the highest population density. Standard sampling
protocols (APHA, 1998) were followed and three sam-
ples were collected (one week apart) from each location.
The physical measurements including, temperature
and the pH of the water body were measured at the
sampling site. For chemical analysis, water samples were
collected with minimum aeration and the preserved
samples (APHA, 1998) were brought to the laboratory
for analysis. The reproducibility of chemical analysis for
each method was evaluated with the known standard
mixtures.
3. Results and discussion
3.1. Significance of selecting the stagnant water bodies
Six stagnant water bodies suspected of sulfur pollu-
tion were selected along with a reference water body for
this investigation. They included the Beira Lake in Co-
lombo, Kandy Lake in Kandy, Boralasgamuwa Lake
and Bolgoda Lake in suburban Colombo, two adjacent
coconut husk soaking pits (considered as one sampling
body) in a relatively remote area and two adjacent
prawn farms in a coastal area (considered as one sam-
pling body). A relatively clean stagnant water body lo-
cated 2 km away from the coconut husk soaking pits
was selected for comparison (indicates as reference water
body here after). The water in this reference system did
not exhibit any characteristic feature due to sulfur pol-
lution. Dimensions of the water bodies including the
surface area, average depth and the estimated water
capacity are listed in Table 1.
Colombo and Kandy are two of the most polluted
cities in Sri Lanka with high population densities.
During last few decades, both Beira Lake and Kandy
Lake have been polluted primarily due to urbanization
and industrialization processes. These lakes, which are
located in the center of cities, should give an aesthetic
902 K.I.A. Kularatne et al. / Chemosphere 52 (2003) 901–907
value rather than emitting of pungent orders into am-
bient air. The wet and dry precipitations of atmospheric
sulfates, industrial effluents, human and animal wastes
have been added to these two lakes without control.
Intrusion of seawater is another source of sulfur com-
pounds to Beira Lake. Boralasgamuwa Lake and Bol-
goda Lake have been the recipients of industrial
discharges due to improper waste management prac-
tices. These four Lakes are among the most studied
water bodies, which were used to assess inland water
pollution in Sri Lanka.
Prawn farming is popular in the coastal areas in the
Puttlam District of the North-Western Province. Addi-
tion of high protein food is one of the possible ways of
getting these prawn farms polluted by sulfur com-
pounds. Digestion of these high protein foods by mi-
crobes may increase the dissolved sulfide concentrations
in the farm. Sulfur compounds leached from the soil and
atmospheric deposition elevates the pollution levels in
these prawn farms. Presence of sulfur-containing com-
pounds in the prawn farms and within the prawns
themselves have been reported (Corea et al., 1998) which
can make a large set back to the industry. Hence, a
colony of prawn farms located in Bangadeniya of
Puttlam district was included in the study.
As a cottage industry, household-cleaning products,
carpets, paintbrushes, ropes and various ornaments are
made using coconut fiber. Villagers use a pit to soak the
coconut husks and when they become soft, the husks
were thrashed to extract the fibers. These coconut husk-
soaking pits always exhibit the characteristics of sulfur
pollution. Presumably these sulfur-containing compou-
nds are extracted to water from coconut husk itself.
Often, the workers get into these pits to remove the
soaked coconut husks and in some cases the crushing is
done while they are in the pits. Hence, the workers in
coconut fiber industry are continuously exposed to these
sulfur-containing compounds through inhalation and
skin while the villagers are exposed to volatile sulfur
compounds through inhalation. Therefore, two adjacent
coconut husks soaking pits in the Gampaha district were
considered as one stagnant water body for this study.
This relative remote location is less affected by industrial
pollution and urbanization.
The measured physio-chemical parameters for the
above stagnant water bodies are tabulated in Table 2.
The molar fraction of dissolved sulfide was calculated as
a fraction of total dissolved inorganic sulfur, which in-
cludes dissolved sulfide, sulfite and sulfate. This fraction
was found to be within the range of 0.21–0.27 for all the
water bodies. The pH, temperature, dissolved oxygen,
sulfate levels are in agreement with previously published
data (Dissanayake et al., 1986; Silva, 1996). There are no
published data for sulfites and sulfides to compare our
measurements. For the prawn farms, the data are in
good agreement with the data published by Corea et al.
Table 1
Physical dimensions of the water bodies
Water body Surface area (m2) Average depth (m) Approximate volume (m3)
Bolgoda Lake 9 300 000 2 18 600 000
Beira Lake 200 000 2 400 000
Boralasgamuwa Lake 150 000 2 300 000
Kandy Lake 180 000 2 360 000
Prawn farms 1600 0.5 800
Coconut husk soaking pits 200 1 200
Reference water body 500 1 500
Table 2





Dissolved concentration (lmol/dm3), meanSD Mole fraction
of sulfide,a
meanSDOxygenb Sulfides Sulfite Sulfate
Bolgoda Lake 7.0 0.1 28.8 0.5 134 71 13.6 9.2 11.5 6.2 47.3 11.9 0.21 0.15
Beira Lake 8.2 0.3 28.6 0.6 63.1 15.4 26.4 3.0 3.39 1.00 72.7 12.0 0.27 0.04
Boralasgamuwa Lake 7.1 0.1 28.3 0.3 161 79 17.6 6.1 5.39 1.57 42.5 5.8 0.27 0.07
Kandy Lake 8.0 0.3 29.4 0.2 117 25 20.3 8.3 4.47 1.24 63.9 4.8 0.23 0.08
Prawn farms 8.0 0.1 29.9 0.4 260 22 27.5 1.8 8.13 1.50 74.9 4.1 0.25 0.01
Coconut husk soaking pits 6.9 0.1 28.1 0.4 155 12 17.7 2.9 4.65 0.99 46.2 7.9 0.27 0.03
Reference water body 7.0 0.1 28.2 0.2 199 11 BDL 6.30 0.97 34.2 4.6 –
MeanSD¼mean standard deviation for 24 measurements for each of the water body. BDL¼ below the detection limit.
aMole fraction of sulfide¼ fraction of dissolved sulfide from dissolved sulfide, sulfite and sulfate.
b Estimated level of dissolved oxygen in air-saturated water under normal atmospheric condition at 25 C is 276.8 lmol dm3.
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(1998). Based on Henrys law, the estimated amount of
oxygen dissolved in air-saturated water under normal
atmospheric condition at 25 C is 276.8 lmol dm3. The
dissolved oxygen level is relatively low for the Beira
Lake presumably due to the high organic discharges. In
fact, all the four lakes and the coconut husk soaking pits
have lower dissolved oxygen levels than the reference
water body. This depletion of the dissolved oxygen is
indicative of their levels of organic pollutants. The dis-
solved oxygen levels for prawn farms are greater than
the reference water body due to mechanical aeration
(blowing air into water using an air pump). The calcu-
lated pE values based on the dissolved oxygen are 13.6
for Bolgoda Lake, 12.3 for Beira Lake, 13.5 for Bora-
lasgamuwa Lake, 12.5 for Kandy Lake, 12.6 for prawn
farms, 13.7 for coconut husk soaking pits and 13.6 for
reference water body.
Pearson product moment correlation coefficients, C
values, were evaluated (using all the 24 data points for
each water body) for the dissolved sulfide levels in re-
lation to the dissolved oxygen, sulfite and sulfate as well
as C values for dissolved oxygen in relation to dissolved
sulfite, sulfate and the mole fraction of dissolved sulfide
for each of the water body. The results are summarized
in Table 3. Pearson product moment correlation coeffi-
cient, C, is a dimensionless index that ranges from )1.0
to 1.0 inclusively and it reflects the extent of correlation
for the two parameters under investigation. Good cor-
relations are indicative from a C value closer to unity.
For Bolgoda Lake and Kandy Lake, C values for
dissolved oxygen with mole fraction of dissolved sulfide
as well as the C values for dissolved oxygen with dis-
solved sulfide are very significant. These negative C
values imply that the sulfide formation is favorable un-
der the oxygen-depleted conditions. Furthermore, fair
negative C values for dissolved sulfide with dissolved
sulfate and positive C values for dissolved oxygen with
dissolved sulfate confirms that the dissolved oxygen
levels control the fate of the sulfide and sulfate levels. It
can be concluded that sulfate is the major contributor
for the sulfide formation in these two water bodies.
For Boralasgamuwa Lake, C values for dissolved
oxygen with mole fraction of dissolved sulfide and dis-
solved sulfide are significant. Dissolved sulfide level
show a negative correlation with dissolved oxygen im-
plying that the lack of dissolved oxygen favors the sul-
fide formation. However, the correlations for dissolved
sulfide or dissolved oxygen with dissolved sulfate or
sulfite are very poor implying the contribution of other
sulfur species in the sulfide formation.
For Beira Lake only dissolved oxygen indicates a fair
negative C value with mole fraction of dissolved sulfide.
Only other worthy correlation for Beira Lake is the
positive C value for dissolved sulfide with dissolved
sulfite. This seems to be an indication of assimilation of
excessive sulfides into sulfite. Poor correlation in Beira
Lake is attributed to the complex nature of its chemical
constituency and due to on going restoration project.
Prawn farms show a low negative correlation for
dissolved sulfate with dissolved oxygen presumably due
to frequent replacement of water and mechanical aera-
tion in these prawn farms. A relatively good positive
correlation for dissolved sulfite with dissolved oxygen
may be attributed to assimilation of sulfide to sulfite in
the oxygen rich environment. The very low correlation
for the sulfide fraction with dissolved oxygen is indica-
tive of the presence of other sulfur-containing com-
pounds. In fact, this is the only water body with no
correlation for the sulfide fraction with dissolved oxygen
and this is the only aerated water body with frequent
water replacement.
Coconut husk soaking pits show very good positive
correlation for dissolved oxygen with dissolved sulfite
and moderate positive correlations for the dissolved
sulfate with dissolved sulfide and low correlation for
sulfide fraction with dissolved oxygen. All these positive
correlations indicate the assimilation of sulfite and sul-
fate with increasing oxygen. However, there is a low
Table 3
Pearson product moment correlation coefficients for the stagnant water bodies
Water body Correlation coefficienta for dissolved
sulfide and














Bolgoda Lake )0.80 0.13 )0.59 )0.14 0.40 )0.75
Beira Lake 0.14 0.47 )0.08 )0.01 )0.18 )0.58
Boralasgamuwa Lake )0.76 0.08 )0.16 )0.14 0.04 )0.68
Kandy Lake )0.90 )0.24 )0.54 0.55 0.54 )0.90
Prawn farms )0.15 0.04 0.17 0.72 )0.42 )0.02
Coconut husk soaking pits 0.05 )0.01 0.68 0.92 )0.40 0.50
Reference NC NC NC )0.04 )0.17 NC
NC¼ no correlation coefficient due to lack of data.
a Correlation coefficients with 95% confidence.
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negative correlation for dissolved sulfate with dissolved
oxygen.
Neither the dissolved sulfate nor dissolved sulfite
shows any correlation to dissolved oxygen for the ref-
erence water body. Sulfide was not present in the refer-
ence water body.
Those water bodies with absolute C values greater
than 0.65 for any of the two parameters are subjected to
linear regression analysis. The mathematical forms of
the linear regression lines and the sum of square values
(r2) are given in Table 4. These linear regressions can be
utilized to estimate the levels of one component by
measuring levels of the correlated component alone. The
confidence of the estimation is higher when the r2 values
get closer to unity. Involvement of sulfur species in more
than one reaction may have contributed to the smaller
slopes observed in the regression analysis.
3.2. Speciation of sulfide species from total dissolved
sulfides
Hydrogen sulfide is a weak acid that can dissociate at




½HSðaqÞ ¢ ½HþðaqÞ þ ½S
2ðaqÞ ð2Þ












The dissolved fractions of hydrogen sulfide ðaH2SÞ, bi-
sulfide anion ðaHSÞ and sulfide anion ðaS2Þ as a func-



















where [H2S]ðaqÞ ¼ concentration of H2S in aqueous so-
lution, [HS]ðaqÞ ¼ concentration of HS in aqueous so-
lution, [S2]ðaqÞ ¼ concentration of S2 in aqueous
solution.
Substituting Eqs. (3) and (4) for (5)–(7).
aH2S ¼
½Hþ2ðaqÞ









½Hþ2ðaqÞ þ Ka1 ½H
þðaqÞ þ Ka1Ka2
ð10Þ
In this investigation total dissolved sulfide concentra-
tions were determined. If this value is [X]ðaqÞ;
Then;
½XðaqÞ ¼ ½H2SðaqÞ þ ½HS
ðaqÞ þ ½S
2ðaqÞ




½H2SðaqÞ ¼ aH2S½XðaqÞ ð11Þ
Similarly Eqs. (9) and (10) can be rewritten as
½HSðaqÞ ¼ aHS ½XðaqÞ ð12Þ
Table 4
Linear regression analysis for the parameters having good Pearson product moment correlation coefficients
Water Body Parameters Linear regression r2 value
X Y
Bolgoda Lake DO DS Y ¼ 0:094X þ 24:7 0.63
Bolgoda Lake DO DF Y ¼ 0:002X þ 0:460 0.82
Boralasgamuwa Lake DO DS Y ¼ 0:058X þ 27:0 0.57
Boralasgamuwa Lake DO DF Y ¼ 0:0006X þ 0:361 0.47
Kandy Lake DO DS Y ¼ 0:297X þ 55:3 0.81
Kandy Lake DO DF Y ¼ 0:003þ 0:058 0.80
Coconut husk soaking pits DSAT DS Y ¼ 0:246X þ 6:34 0.46
Coconut husk soaking pits DO DSIT Y ¼ 0:891X  9:23 0.84
DO¼dissolved oxygen in lmol dm3, DS¼ dissolved sulfide lmol dm3, DF¼mole fraction of dissolved sulfide, DSAT¼ dissolved
sulfate lmol dm3, DSIT¼ dissolved sulfite lmol dm3.
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½S2ðaqÞ ¼ aS2 ½XðaqÞ ð13Þ
Henrys Law constant, kH, relates the dissolved con-
centration of a solute to the partial pressure of the
gaseous solute at equilibrium. Thus, the partial pressure
of H2S gas above the water surface can be derived from









The Ka1 , Ka2 and kH are temperature dependent ther-
modynamic constants that need to be corrected for
different temperatures. For kH, the temperature depen-
dence is reported by De Bruyn et al. (1995) in the form
of Eq. (15), where T is the temperature in K.
kH ¼ 8:7








The temperature dependence of Ka1 is given by Eq. (16)
as reported by Golvin (1968) where t is the temperature
in C. There was no literature available for the temper-
ature dependence of Ka2 . Hence, the Ka2 value reported
as pKa2 of 14.96 in CRC (2000) was used for the calcu-
lations without a temperature correction.
Ka1 ¼ ð0:063t þ 0:044Þ107 ð16Þ
Eqs. (8)–(16) were used along with the average concen-
tration of dissolved sulfide to estimate the concentra-
tions of aqueous H2S, HS
, S2 in each of the water
body along with the partial pressure of H2S gas just
above the water surface, Table 5. As equations predicted
much of the dissolved sulfide is in the form of dissolved
HS and very little is in the form of dissolved S2 under
these pH conditions. The dissolved H2S levels and the
Table 5
Speciation of dissolved sulfide in the stagnant water bodies




Bolgoda Lake 28.8 7.0 13.6 4.76 8.84 1.06
 107 50.0
Beira Lake 28.6 8.2 26.4 0.87 25.5 4.85
 106 9.22
Boralasgamuwa Lake 28.3 7.1 17.6 5.31 12.3 1.87
 107 56.5
Kandy Lake 29.4 8.0 20.3 1.02 19.3 2.31
 106 10.6
Prawn farms 29.9 8.0 27.5 1.36 26.1 3.14
 106 13.9
Coconut husk soaking pits 28.1 6.9 17.7 7.25 10.4 9.95
 108 77.6
Fig. 1. Variation of H2S above the water surface (ppm) with temperature (C) and pH for Beira Lake.
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levels of H2S just above the water surface are greater for
Bolgoda Lake, Boralasgamuwa Lake and for the coco-
nut husk soaking pits primarily due to the relatively
lower pH conditions.
The calculated partial pressure of H2S reflects the
equilibrium partial pressure of H2S just above the water
level. This partial pressure may further reduce due to
the dispersion. In addition, the airborne oxidants may
contribute in lowering the H2S levels as well. Hence, the
possible exposure of H2S to general public may be sig-
nificantly lower than the calculated H2S levels. In fact,
all these stagnant water bodies, except the reference
water body, exhibited the characteristic rotten egg smell
of H2S gas indicating the airborne levels are exceeding
the odor threshold value of 0.02 ppm (Dreisbach and
Robertson, 1987). However, none of these stagnant
water bodies exhibited the intolerable strong intense
odors in the vicinities suggesting the H2S concentrations
were less than 20 ppm (Dreisbach and Robertson, 1987).
Changes in the water body such as pH and temper-
ature influences the partial pressure of H2S just above
the water surface. This is illustrated in Fig. 1 for Beira
Lake within the pH range of 5–10 and temperature
range of 25–35 C. The partial pressure of H2S increases
rapidly below the pH value of 8.5. The increase of H2S
partial pressure with decreasing of pH reaches its max-
imum value around pH 7. Since much of the studied
water bodies have pH values in this neighborhood, the
acid discharges from industries or acid precipitations
can elevate the H2S release aggravating the health im-
pacts. The contribution of temperature for H2S partial
pressure varies with the pH values. At higher pH values,
H2S partial pressure slightly decreases with increasing
temperature (96 ppb at 25 C to 87 ppb at 35 C for pH
9) upto pH 7.0 and then gradually increases with tem-
perature at lower pH values (154 ppm at 25 C to 192
ppm at 35 C for pH 5). The H2S release pattern will be
same for the other water bodies but the actual values
change with the total dissolved sulfide levels, pH and the
temperature of each water body. Thus, the measure-
ments of total dissolved sulfide, pH and temperature can
be used to predict, with significant accuracy, whether a
water body is closer to the release of H2S at hazardous
levels. In addition, this can be utilized to control the H2S
release from the bodies.
References
Clesceri, L.S., Greenburg, A.E., Eaton, A.D. (Eds.), 1998.
Standard Methods for the Examination of Water and
Wastewater, 20th ed. American Public Health Association,
Washington, DC.
Corea, A., Johnston, R., Jayasinghe, J., Ekaratne, S., Jay-
awardene, K., 1998. Self pollution: a major threat to the
prawn farming industry in Sri Lanka. Ambio 27 (8), 662–
668.
De Bruyn, W.J., Swartz, E., Hu, J.H., Shorter, J.A., Davido-
vits, P., Worsnop, D.R., Zahniser, M.S., Kolb, C.E., 1995.
Henrys law solubilities and Setchenow coefficients for
biogenic reduced sulfur species obtained from gas–liquid
uptake measurements. J. Geophys. Res. 100D, 7245–7251.
Dissanayake, C.B., Bandara, A.M.R., Weerasooriya, S.V.R.,
1986. Heavy metal abundance in the Kandy Lake: An
environmental case study from Sri Lanka. Environ. Geol.
Water Sci. 10 (2), 81–88.
Douglas, B., McDaniel, D., Alexendar, J., 1995. Concepts and
Models of Inorganic Chemistry, 3rd ed. John Wiley and
Sons Inc., New York.
Dreisbach, R.H., Robertson, W.O., 1987. Hand Book of
Poisoning: Preventions, Diagnosis and Treatment, 12th ed.
Prentice Hall, New York.
Golvin, F.I., 1968. The thermodynamic dissociation constant of
H2S and its application to analysis of water (English
translation). Trudy molodykh (Russian), 119–137.
Lide, D.R. (Ed.), 2000. CRC Handbook of Chemistry and
Physics, 81st ed. CRC Press Inc., Boca Raton, Florida.
Pawlak, Z., Pawlak, R., 1999. Modification of iodometric
determination of total and reactive sulfide in environmental
samples. Talanta 48, 347–353.
Rao, A.S., 1997. Introduction to Microbiology. Prentice Hall of
India, New Delhi.
Silva, E.I.L., 1996. Water Quality of Sri Lanka: A Review on
Twelve Water Bodies. Department of Environmental Sci-
ence. Institute of Fundamental Studies, Sri Lanka.
Sing, K.P., Srivastata, A.K., 1995. Chemical Pollution in
Environment. Asish Publishing House, New Delhi.
K.I.A. Kularatne et al. / Chemosphere 52 (2003) 901–907 907
